Fluent speech with phonological paraphasia is characteristic of conduction aphasia and Wernicke's aphasia. Phonological paraphasia is characterized by speech sound errors that still convey the intended meaning. Some patients with phonological paraphasia show auditory-verbal short-term memory (STM) disturbances. However, it is not certain that phonological paraphasia results from such memory disturbances. We compared the overlapping lesions of 30 patients with phonological paraphasia, with the most relevant lesions of 38 patients with auditory-verbal STM disturbances (digit span and letter span). The results showed that the overlapping lesions of patients with phonological paraphasia were located in the subcortical white matter in the left supramarginal gyrus, regardless of the type of aphasia. The lesions most relevant to digit span disturbances were located in the subcortical white matter in the left angular gyrus, and those most relevant to letter span disturbances were located in the left superior temporal cortex. Although the lesions most relevant to phonological paraphasia and those most relevant to auditory-verbal STM disturbances were closely located, they did not correspond. These findings suggest that the cause of phonological paraphasia is not auditory-verbal STM disturbances but non-conduction of a large amount of information through underlying white matter lesions, and that two auditory-verbal STM storage sites exist in the human brain.
INTRODUCTION
Phonological paraphasia is characterized by word sound errors with conduite d'approche that occur when patients with aphasia utter target words. Phonological paraphasia is the main symptom of conduction aphasia. Although many patients with Wernicke's aphasia also have phonological paraphasia, most research regarding phonological paraphasia deals with conduction aphasia.
Wernicke hypothesized that motor and sensory speech centers were connected by a pathway running through the insula, and a lesion in this pathway would give rise to a distinctive syndrome termed conduction aphasia. He added that conduction aphasia involved repetition disturbances and was caused by a disconnection of conduction fibers from the posterior temporal auditory association areas to Broca's area (Wernicke 1874) . Nearly a century later, Geschwind termed the region between the temporal and parietal areas as Wernicke's area, and he termed the conduction fibers connecting the anterior motor speech area with the posterior Wernicke's area as the arcuate fasciculus (AF). He also supported the disconnection theory (i.e., conduction aphasia results from AF disconnection, the Wernicke-Geschwind model; Geschwind 1965) . The superior longitudinal fasciculus reaches the lower frontal region over the external capsule and insula, and thus conduction aphasia is occasionally associated with insula lesions (Damasio & Damasio, 1980) . Currently, the number of research papers on conduction aphasia based on AF disconnection theory has increased with the use of both diffusion tensor imaging (Bernal & Ardila 2009; Catani et al. 2005; Rosen et al. 2009; Zhang et al. 2010 ) and intraoperative electrostimulation (Duffau et al. 2009 ).
In addition, Benson et al. (1973:339) proposed, "conduction aphasia could result from a pure suprasylvian or a pure subsylvian lesion as well as from a com bination of the two". Studies sorting subgroups by brain region have reported lesions in the subcortical white matter in the left supramarginal gyrus (SMG) (Arnett et al. 1996; Poncet et al. 1987; Tanabe et al. 1987) , cortical and subcortical areas in the left SMG and superior temporal gyrus (STG) (Axer et al. 2001; Pradat-Diehl et al. 2001 ), a cortical area in the left STG (Anderson et al. 1999; Quigg & Fountain 1999) , cortical and subcortical areas in the left STG (Kim et al. 2002) , the posterior perisylvian area in the left STG and SMG (Buchsbaum et al. 2001; Hickok et al. 2000 ), Brodmann's area (BA) 37, the fusiform gyrus (Bartha & Benke 2003) , and the insula (Alexander et al. 1987; D'Esposito & Alexander 1995; Marshall et al. 1996) . Furthermore, it has been reported that following removal of the AF, no speech disturbances occurred (Shuren et al. 1995) .
On the other hand, Warrington and Shallice (1969) proposed that phonological paraphasia in conduction aphasia results from auditory-verbal short-term memory (STM) disturbance. However, the auditory-verbal STM disturbance theory has been criticized (Kinsbourne 1972; Strub & Gardner 1974) ; thereafter, Shallice and Warrington (1977) modified the STM theory, dividing conduction aphasia into reproduction conduction aphasia and repetition conduction aphasia,
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Anzaki et al., Phonological paraphasia and working memory and reported that STM disturbances were found only in repetition conduction aphasia. However, they did not propose a distinct anatomical difference between these two disorders. Recently, patients with conduction aphasia were reported to be relying on semantic cues to support their STM deficit (Baldo et al. 2008) .
Around the same time, the theoretical concept of working memory was proposed. Verbal working memory involves 2 major components: a phonological store that holds auditory-verbal information very briefly and an articulatory rehearsal process that allows that information to be refreshed and thus held longer in STM (Baddeley 1984 (Baddeley , 1992 Baddeley & Hitch 1974) . In the human brain, the phonological storage region is anatomically assumed to be the left inferior parietal area, especially SMG (Baddeley 2003; Baldo & Dronkers 2006; Paulesu et al. 1993; Sakurai et al. 1998) . Recently, however, the posterior STG and sulcus have been assumed to be a region of auditory-verbal STM storage and speech sound production and perception (Hickok 2009; Hickok et al. 2000; Leff et al. 2009 ).
However, some questions remain about whether the same lesion is responsible for phonological paraphasia and auditory-verbal STM disturbances, and about the lesion site of reproduction conduction aphasia and repetition conduction aphasia. In the present study, our research objective was to identify the lesions responsible for phonological paraphasia and auditory-verbal STM disturbances.
MATERIAL AND METHODS

Participants
Because it is difficult to distinguish phonological paraphasia in conduction aphasia from that in Wernicke's aphasia, we examined patients with conduction aphasia and Wernicke's aphasia. Aphasia patients were assigned to one of two groups: the first included patients with phonological paraphasia (P group) whereas the second included patients without phonological paraphasia (NP group). The patients attempted the Japanese Standard Language Test of Aphasia (Hasegawa 1975) at individual hospitals within a few months of onset, and the diagnosis included several types of aphasia. According to the naming, repetition, and brief description of a cartoon task in the Japanese Standard Language Test of Aphasia, P group patients were diagnosed as having conduction aphasia or Wernicke's aphasia with significant phonological paraphasia. In particular, patients with Wernicke's aphasia showed severe auditory verbal comprehension disturbances and various paraphasias, whereas those with conduction aphasia showed significant phonological paraphasia and conduite d'approche. During the duration of our study, the patients' aphasic features recovered and changed. However, many patients were not diagnosed with new types of aphasia. Patient diagnoses at the time of onset are shown in Appendix C. In our test, we discriminated between the P and NP group by their speech. We excluded patients with jargon aphasia, severe naming difficulty, or severe repetition difficulty. NP patients (those with Broca's aphasia or anomic aphasia) did not show phonological There were no significant differences among the 3 groups with regard to age [F (2, 47) = 0.83, p = 0.920]; however, significant differences among the 3 groups were noted with regard to MMSE [F (2.47)=9.808, p = 0.000]. Post hoc tests showed significant differences between the P and C groups (p = 0.003), as well as between the NP and C groups (p = 0.001). However, there were no significant differences between the P and NP groups (p = 0.168). RCPM scoring was performed in both the P and NP groups, but no significant differences were observed [t = 0.620, p = 0.540].
All participants gave written informed consent, and the study protocol was approved by the ethics committees of Tohoku University Graduate School of Medicine and the Social Insurance Chuo General Hospital. 
Neuropsychological examination
Naming and repetition tests
Thirty words of high familiarity were selected from the Nippon Telegraph and Telephone Public Corporation Data Base (Amano & Kobayashi 1999) . These comprised 10 words of 4 moras [e.g., Tsumekiri (nail scissors), Haburashi (toothbrush)], 10 words of 5 moras [e.g., Kabutomushi (beetle), Tyu:rippu (tulip)], and 10 words of 6 moras [e.g., Sho:gakko (elementary school), Asuparagasu (asparagus)]. Patients in the aphasia group were asked to name the objects in a photo. After the naming test, they were asked to repeat the same words.
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Classification of error words
All error words were classified as paraphasias or neologisms on the basis of the diagnostic criteria of the Boston Aphasia Test (Goodglass & Kaplan 1972) and Japanese classification (Ohigashi et al. 1984 ). An error word containing <50% of the correct phonemes in the target word was classified as a neologism. A phoneme error "non-word" from which the tester was able to guess the target word was classified as phonological paraphasia [e.g., tsubekiri/tsumekiri (nail scissors)]. A phoneme error word sounding like the target word was classified as formal paraphasia [e.g., masuku (mask)/mausu (mouse)]. Semantic paraphasia was an error word that was not the target word but was similar in meaning [e.g., kashiwamochi (Japanese rice cake wrapped in an oak leaf)/sakuramochi (Japanese rice cake wrapped in a cherry leaf)]. Conduite d'approche was defined as sound fragments resulting from repeated attempts at a target word [e.g., i, ine, iemon (Iemon is an old-fashioned Japanese male name)] (Monoi et al. 1983 ).
Auditory-verbal STM tests
Digit sequences (Appendix B) were formed on the basis of the Sophia Analysis of Language in Aphasia (Fujibayashi et al. 2004 ) and Sakurai's auditory-verbal STM test methods (Sakurai et al. 1998) . Each digit sequence was tested over the course of 5 time trials of 1-8 spans. As in the Wechsler Adult Intelligence Scale Third Edition (Wechsler 2006) , after the researcher had read aloud at the rate of 1 digit per second, the participants were asked to repeat the digit sequences. Five sets of stimuli were prepared for 1-digit sequence, with 0.2 points given for a correct response (apart from case NP5, for whom 2 sets of stimuli for 1-digit or 1-letter sequence were presented) and 0.5 points for a correct response. When the patient had passed 5 time trials of 1-digit sequences and 3 time trials of 2-digit sequences, the digit span test was scored as 1.6 spans [1.0 + (0.2 × 3)]. Syllable-controlled pseudoword tasks have also been assumed to involve auditory-verbal STM ability. However, some of these tasks are pronounced with an accent and some pseudowords can suggest real words. Thus, we believe that evaluation of auditory-verbal STM requires letter span tasks (Sakurai et al. 1998 ) rather than pseudoword tasks.
Letter sequences (Appendix B) were formed using 1-8 Japanese mora "nonword" combinations on the basis of the Japanese Kana letter random list. Each letter sequence was tested over the course of 5 time trials. After the researcher read aloud 1 letter per second, the participants were asked to repeat the letter sequences. The letter span score was calculated in the same manner as for digit span sequences.
Word sequences were formed on the basis of the auditory retention span test in the Schuell-Sasanuma Differential Diagnostic Test of Aphasia 2000 version (Sasanuma et al. 2000) . Six units of word sequences were added to the original version, which comprised 1-5 word sequences. After the researcher had read aloud one word at natural speed, participants were asked to point to the pictures that corresponded to the words in the order the researcher presented. From 1
Anzaki et al., Phonological paraphasia and working memory
39
T h i s c o p y i s f o r p e r s o n a l u s e o n l y -d i s t r i b u t i o n p r o h i b i t e d .
-3 word sequences, 3 sets of stimuli were prepared for 1-word sequence and 0.33 points were awarded for a correct response. From 4-5 word sequences, 2 sets of stimuli were prepared for 1-word sequence and 0.5 points were awarded for a correct response.
Brain lesion analysis
In this study, irrespective of whether Wernicke's or conduction aphasia was involved, we aimed to determine the lesion responsible for phonological paraphasia as phonological paraphasia syndrome in the course of examining the lesions overlapping between Wernicke's and conduction aphasia.
For each patient, we obtained brain magnetic resonance imaging (MRI) and computed tomography (CT) brain scan data recorded at both onset and followup. However, because many patients underwent MRI scanning only at onset, our conclusions from lesion analysis were limited to those relating to patients with aphasia who had acute damage. For the same reason, we were unable to perform diffusion tensor imaging (DTI). As there were few patients with phonological paraphasia in any of the study hospitals, we were unable to statistically analyze the unstandardized scan data.
Because patients with a cardiac pacemaker could not undergo MRI, we analyzed the CT scan data instead. We assessed lesion location and white matter by T2-weighted MRI, T1-weighted MRI, and CT imaging.
Accordingly, responsible lesions in the left hemisphere were classified on the basis of the brain map (Damasio 1995) ; 14 gyrus, thalamus, putamen, caudate nucleus, internal capsule, and corona radiate. The insula gyrus was subdivided into long and short gyri (Shuren 1993) . Each gyrus was classified into gray (cortical area) or white matter (subcortical area) on the basis of neuroradiological analysis (Osborn 1994) . The cortical area was used as a reference: areas brighter than the cortex were classified as high-intensity areas and darker areas were classified as low-intensity areas. In the adult human brain with myelinated nerves, the white matter appears as a high-intensity area on T1-weighted images but as a low-intensity area on T2-weighted images. Thus, cerebral gyrus areas were divided into areas comprising cortex and white matter. The area deeper than the gyrus area that was surrounded by the sulcus was considered to be white matter. On T2-weighted images, the area of the gyrus with intensity lower than that of the white matter was considered to be fibers (e.g., internal capsule, corona radiata). Lesion "+" was defined as the same intensity as cerebral fluid.
First, the researcher (F.A.) identified the responsible lesions, the neurosurgeon (T.K.) checked the initial identification of those lesions, and finally, a radiologist rechecked their identification. We recorded "+" even when only a small lesion area was visible to the naked eye. Cronbach's alpha was 0.937 among 3 raters, and inter-rater reliability was significant. Lesion data are presented in Table 3 . 
Analytical methods
In the naming and repetition tests, we examined the number of correct answers and the breakdown of erroneous answers (e.g., phonological paraphasia, neologism, semantic paraphasia, formal paraphasia, and conduite d'approche).
In the STM tests, we examined all participants' digit, letter, and word span test results. One-way analysis of variance (ANOVA) and Tukey's post hoc test were carried out among the P, NP, and C groups.
Pearson's correlation coefficients were calculated between the number of instances of phonological paraphasia and the number of correct answers in the naming and repetition tests, as well as between the number of instances of phonological paraphasia and STM test scores.
From the brain lesions analysis of aphasic patients, we searched for overlapping lesions among patients in the P group to identify those lesions most relevant to phonological paraphasia.
Patients with aphasia (P and NP groups) were divided into STM span good performance and poor performance groups using the criteria of the Japanese average for digit span (Fujibayashi et al. 2004 ), P group average span plus 1 SD, and the aphasia group average span. Differences in responsible lesions between the good and poor performance groups were evaluated using Fisher's exact test to identify the lesions most relevant to auditory-verbal STM ability. The criterion for statistical significance was set at the 5% level. Table 1 shows the results of the naming and repetition tests in patients with aphasia, the number of instances of phonological paraphasia and conduite d'approche in the P group, and the results of the STM tests for all participants. Case 25, diagnosed with conduction aphasia, was included in the P group although she presented no phonological paraphasia; she had a high degree of phonological paraphasia at onset but had been recovering rapidly and phonological paraphasia had disappeared during the study period. Table 2 shows the average scoring in STM tests using ANOVA and post hoc testing among the P, NP, and C groups. The total number of patients with aphasia (P and NP) shows an average digit span of 3.18 (SD 1.17), an average letter span of 3.05 (SD 1.23), and an average word span of 2.92 (SD 1.03).
RESULTS
Results of neuropsychological testing
In the digit span test, there were significant differences among the 3 groups [F (2, 47) = 27.84, p = 0.000], and the post hoc tests showed significant differences for all group comparisons.
In the letter span test, there were significant differences among the 3 groups [F (2, 47) = 32.69, p = 0.000], and the post hoc tests showed significant differences between the P and NP groups as well as between the P and C groups.
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In the word span test, there were significant differences among the 3 groups [F (2, 47) = 12.96, p = 0.000], and the post hoc tests showed significant differences between the P and C groups, and between the NP and C groups.
In the P group, the digit span exceeded the letter span in 9 cases. The letter span exceeded the digit span In 3 cases.
The average digit span and letter span in the P group was the lowest among the 3 groups. However, some patients performed relatively well, achieving a digit span or letter span of 4. 
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Correlations between phonological paraphasia and auditory-verbal STM disorder Pearson's correlation coefficient was −0.486 ** between the number of instances of phonological paraphasia and the number of correct answers in the naming test; −0.823 ** between the number of instances of phonological paraphasia and the number of correct answers in the repetition test; −0.474 ** between the number of instances of phonological paraphasia and digit span; −0.734 ** between the number of instances of phonological paraphasia and letter span; and −0.083 between the number of instances of phonological paraphasia and word span (n = 30, ** p < 0.01, 2-tailed test). There were no significant correlations between phonological paraphasia and word span. Table 3 shows the lesions observed as being associated with aphasia. Table 4 summarizes the lesions that overlapped in over two-thirds of patients with phonological paraphasia. As shown in Tables 3 and 4 , the lesions overlapping most often were found in the SMG subcortical white matter (SMGw). Only
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Lesions responsible for phonological paraphasia
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1 case (case 24) did not exhibit lesions in the SMGw, but instead exhibited injuries in the insula and putamen.
Moreover, in the NP group, there were no lesions in the superior parietal lobule (SPL), SMG, and angular gyrus (AG).
Lesions responsible for auditory-verbal STM disturbances
There was no significant difference in word span between the P and NP groups (Table 2 ). In addition, there were no significant correlations between the number of instances of phonological paraphasia and word span score.
We therefore investigated the lesions responsible for disturbance of digit span and letter span.
Auditory-verbal digit span
The average digit span of Japanese patients with aphasia is 3.68 (Fujibayashi et al., 2004) . Thus, aphasic patients were first divided into digit span good performance (>3.68) and poor performance groups (<3.68). Table 5 shows the data for STG, middle temporal gyrus subcortical white matter (MTGw), SMG, SMGw, AG, and angular gyrus subcortical white matter (AGw). The differences in responsible lesions between the good and poor performance groups were evaluated using Fisher's exact test to identify the lesions most relevant to audito ry-verbal digit span ability. The results showed that only the AGw was significant for lesions 
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(χ 2 = 9.265, p = 0.004). Cases P12, P14, and P30 with AGw lesions showed good performance.
Second, patients with aphasia were divided into 2 groups by the digit span cutoff of 4.0, which was the average for the P group (2.95) plus 1 SD (1.05). Only AGw was significant for lesions (χ 2 = 5.293, p = 0.03, 2-tailed Fisher's exact test). Cases P12, P14, and P30 with AGw lesions showed good performance.
Third, patients with aphasia were divided into 2 groups by the digit span cutoff of 3.18, which was the average of the aphasia group. Only AGw was significant for lesions (χ 2 = 8.922, p = 0.007, 2-tailed Fisher's exact test). Cases P1, P12, P14, P16, P25, P27, and P30 with AGw lesions showed good performance. There was no significant difference in digit span scores between the good and poor performance groups with regard to other brain lesions.
Auditory-verbal letter span
To date, the average letter span of Japanese aphasic patients has not been recorded. Because the majority of cases in the present study were allocated to the P group, the letter span average for aphasic patients would not correspond with the general average for Japanese aphasia patients.
Therefore, patients with aphasia were initially divided into 2 groups by a letter span cutoff of 3.72, the average of the P group (2.72) plus 1 SD (1.00). Likewise, patients with aphasia were divided into 2 groups by a letter span cutoff of 3.68, the average digit span of Japanese patients with aphasia. Table 6 presents the data for lesions of the insula, STG, STGw, MTG, SMG, SMGw, AG, and AGw. The differences in responsible lesions between the good and poor performance groups were evaluated using Fisher's exact test to identify the lesions most relAnzaki et al., Phonological paraphasia and working memory 47 Table 6 . Lesions responsible for auditory-verbal letter span disorders
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evant to auditory-verbal letter span ability. As a result, only STG was significant with regard to lesions when using either 3.72 or 3.68 as the cutoff point (χ 2 = 7.785, p = 0.012, 2-tailed Fisher's exact test). Cases NP6, P14, and P30 had good letter span performance despite their STG injuries.
Second, patients with aphasia were divided into 2 groups by a letter span cutoff of 3.06, which was the average for the aphasia group. As a result, no significant lesion area was found.
DISCUSSION Lesions relevant to phonological paraphasia
The lesion found to be most relevant to phonological paraphasia was the left SMGw in this study, which included not only patients with conduction aphasia but also those with Wernicke's aphasia. The NP group patients had no lesions in the parietal lobe, implying that lesions relevant to phonological paraphasia are located in that area. Previous studies have discussed various lesions associated with phonological paraphasia in patients with conduction aphasia. Benson et al. (1973) proposed a pure suprasylvian and pure subsylvian lesion. Arnett et al. (1996) reported a large white matter lesion underlying the left SMG. Many researchers, however, have supported the AF disconnection theory (Bernal & Ardila 2009; Catani et al. 2005; Geschwind 1965; Zhang et al. 2010) .
Some studies have suggested that the left posterior STG is associated with speech production (Hickok et al. 2000) . In the present study, 3 conduction aphasia cases with phonological paraphasia (P1, P25, and P29) and left-sided SMGw lesions did not have STG lesions. On the other hand, 2 cases in the NP group had STG lesions, although we did not examine specific areas in the STG. Thus, we assume that the left SMGw and left STG may play different roles in speech production and that phonological paraphasia may not be a direct consequence of STG lesions. With regard to the P group in the present study, recovery from aphasia, word-finding difficulty, and the number of phonological paraphasias of patients with STG lesions were worse than those of patients with no STG lesions, suggesting that the left STG is intimately related to aphasia features.
Another mechanism of phonological paraphasia may be related to disconnection of AF (Bernal & Ardila 2009; Catani et al. 2005; Geschwind 1965; Zhang et al. 2010 ). The AF is regarded as the neural pathway from the temporoparietal junction to the frontal area, part of the superior longitudinal fasciculus. Damasio & Damasio (1980) reported that injuries of the insular gyrus resulted in conduction aphasia, which was explained by disconnection of AF fibers passing through the insula and external capsule. According to a study by Bernal & Ardila (2009) utilizing fiber tractography with DTI, the superior longitudinal fasciculus reached the precentral gyrus (PrCG) in 100% of 12 cases, and encompassed the posterior MTG, inferior temporal gyrus, AG, and SMG. Among the P group of the present study, case P11 was the only one with no lesion in the SMGw. Instead, this patient had a subcortical lesion in the insula, putamen, and thalamus. Subcortical white matter regions have many neural fibers (Osborn 1994 ); thus we presume that phonological paraphasia resulted from fiber disconnection, including the SMGw lesion. Although we did not perform DTI, there is a possibility that phonological paraphasia in this case resulted from fiber disconnection (e.g., the superior longitudinal fasciculus located in the subcortical area from SMG to PrCG via the insula). Brown & Pachalska (2003:9) reported, "The lesion delays a segment of process. The delay accompanies an incomplete specification of the lexical or phonological item." We consider that the disconnected area, that is, the lesion could cause phonological disruption.
Lesions relevant to auditory-verbal STM
STM is considered to be based on the phonological loop (Baddeley 1992; Vallar & Papagno 1995) , which is a subsystem of working memory. Working memory comprises a central executive system and 2 subsystems: the phonological loop and the visuospatial sketchpad (Baddeley & Hitch 1974) . Baddeley has since modified the working memory theory by the addition of episodic memory. He regarded Brodman's area 40 (the left SMG) as a phonological store (Baddeley 2003) .
In the present study, the most relevant lesion in relation to digit span disorder was the left AGw, and for letter span disorder, the left STG; thus, 2 distinct lesions were responsible for respective STM disturbances.
Digit span disorder has been reported to be caused by lesions of the left AG (Mayer et al. 1999; Shallice & Butterworth 1977) and the inferior parietal lobule (Baldo & Dronkers 2006; Vallar et al. 1997) , which contains the AGw. Leff et al. (2009) , using statistical parametric mapping analysis in stroke patients rather than exclusively aphasic patients, reported that the lesion most relevant to digit span disturbance was found in the structural integrity of a posterior region of STG and superior temporal sulcus (STS). Sakurai et al. (1998) reported that the left SMG was most relevant with respect to the auditory-verbal digit span and letter span in patients with conduction aphasia and Gerstmann's syndrome. Thus one possibility for the discrepancy in lesions between previous reports and the present study may be differences in patient enrollment.
With regard to letter span disorder, Buchsbaum et al. (2001) reported that the posterior STG (pSTG) and posterior STS (STG/STS) showed activity during auditory perception and memory maintenance of multisyllabic pseudowords in 6 healthy subjects. Moreover, it was reported that STG/STS showed auditory speech-specific sensitivity (Buchsbaum & D'Esposito 2008; Buchsbaum et al. 2005 ). In addition, Hickok et al. (2003) reported that the pSTG and SMG (hence the posterior sylvian fissure at the parietal-temporal boundary, area Spt) showed multimodality sensitivity and were not speech specific. These findings appear to be similar to the results from this study showing that the cortical region (in the research described by the workers above, participants did not have brain injury) in STG is the area most relevant to auditory-verbal letter span disorder.
Anzaki et al., Phonological paraphasia and working memory
49
Meanwhile, Strand et al. (2008) conducted a study in which after a pair of pseudowords were rehearsed and maintained and affirmation given, activity was observed in the inferior frontal gyrus (IFG) and STS of MTG during rehearsal and maintenance. These activities were different from our letter span results, the discrepancy appearing to have been caused by differences in methods. First, our letter span tests were immediate recall tests. Second, because pseudowords are pronounced with accents just like real words, accents may aid in auditory-verbal recall.
Some cases in this study were exceptions and should be discussed. Cases P14 and P30 had extensive brain injuries including lesions of the left AGw and left STG, but did not present letter span and digit span disturbances. Furthermore, case P12 displayed good digit span performance despite a lesion of the left AGw. There is no absolute proof that these 3 cases had good memory capacity performance before the onset of stroke. However, some studies have reported that different brain areas are activated in high-span individuals. Osaka et al. (2007) and Minamoto et al. (2010) reported in working memory tests that highspan subjects showed superior focusing effects (supported by the left SPL control system) compared with those in low-span subjects. Thus, it is likely that the 3 cases above could have accessed various memory storage areas and networks by a variety of strategies.
Relationship between phonological paraphasia
and auditory-verbal STM It has been reported that digit span, letter span, and word span disturbances emerge in patients with conduction aphasia (Warrington & Shallice 1969) . Recent studies have reported that patients with conduction aphasia have working memory disturbances involving phonological buffer disorder (Baldo et al. 2008 ). The present study reveals that the regions most relevant with respect to phonological paraphasia and auditory-verbal STM shortage are not the same. Thus we surmise that auditory-verbal STM disturbances do not cause phonological paraphasia, and there is no point in reiterating the differences between reproduction conduction aphasia and repetition conduction aphasia. However, both regions responsible are located close to the sylvian fissure area. Thus, auditory-verbal STM disturbances may have emerged in many patients with phonological paraphasia. We must consider whether STM disturbances depend on the degree of injury to the sylvian fissure area, regardless of the type of aphasia.
Research limitations
Our study has enormous significance with regard to patients with phonological paraphasia because we included 30 patients from several hospitals. However, we were unable to use voxel-based mapping methods and our lesion analysis was outdated and lacked quantitative precision. Further studies should be undertaken to clarify the mechanism of phonological paraphasia. 
